Introduction
The implementation of railway construction projects in Poland is closely related to the execution of strategic government investment programmes. The most important of these include the National Railway Programme to be implemented by 2023, with a budget of approximately PLN 67 billion, according to the Resolution No 186/2017 of the Council of Ministers. The execution of such a huge strategy is connected with proper planning of the construction investment process by the manager of the Polish railway network. The implementation of the key stages of the investment does not differ signifi cantly from other construction sectors, and the most important stages include: pre-design works, feasibility study, design and construction. However, unlike other industries, railway construction investments are character-ized by a signifi cant extension of individual phases and an increased number of entities participating in the construction investment process (Civil Code of 1964; Act amending the Public Procurement Law and some other acts of 2016.
The most common methods of planning construction investments include various techniques aimed at minimizing the negative effects that may occur during the design stage or during the construction and assembly works. In some countries an extensive researches on problems with an appropriate preparation of design documentation were carried out (Juszczyk, Kozik, Leśniak, Plebankiewicz & Zima, 2014; Hoła, 2015; Kozlovska, Mackova & Spisakova, 2016) . The most frequent and serious consequences of errors in project documentation at the stage of investment implementation include among others increase in the value of the contract due to additional works or suspension of works. Different approaches are proposed in relation to the risk analysis in construction (Gładysz, Kuchta, Skorupka & Duchaczek, 2015; Kaczorek, Krzemiński & Ibadov, 2017; Kembłowski, Grzyl, Kristowski & Siemaszko, 2017; Hanak & Korytarova, 2018; Wieczorek, Plebankiewicz & Zima, 2019) , calculation of costs of construction works (Leśniak & Juszczyk, 2018; Leśniak & Zima, 2018) and identifi cation of problems at the stage of planning, execution and operation of buildings (Lendo-Siwicka, Połoński & Pawluk, 2016; Nowogońska & Cibis, 2017) . The specifi city and high costs of railway projects generate the high risk in the entire investment and construction process. The indicated articles present risk management methodologies developed for years by various scientists. The construction process is dynamic and despite the use of many modern methods and techniques (Kapliński, 2018) unforeseen phenomena and events which may occur during the execution of the investment cannot be excluded, especially those which are as complex as railway construction projects. All unexpected situations (those occurring before the commencement of construction works, as well as those revealed during works) usually initiate consequences in the form of additional workload and costs not included by the contractor and longer duration of works. This fact is commonly referred to as the occurrence of the so--called "additional works" (Czemplik, 2012) . Additional works in the construction industry are a frequent phenomenon, having a signifi cant impact on the implementation of construction and assembly works (Czemplik, 2012; Juszczyk, Zima & Leśniak, 2013) .
The paper presents the results of research concerning additional works during the implementation of railway con-struction projects performed in southern Poland. The aim of the research was to analyze the reasons for the occurrence of additional works and to indicate the types of industry works included in their scope, together with an estimation of their frequency.
Selection of completed railway construction projects
The database of additional works occurring in the completed railway infrastructure projects was created on the information obtained from the public investor. The analysis involved a construction project including the construction, reconstruction, modernization or revitalization of any long section of the railway track. Subsequently, investments were limited to those whose contract value amounted to a minimum of PLN 4 million. Finally, only completed projects form 1 January 2012 to 31 December 2018 were selected for further analysis.
Seventeen investments were selected based on the assumed criteria. Investments have been assigned the ordinal number and then they were described with the following parameters: type of implementation, duration (contractual), value of the contract (contractual) and the number of documents on the basis of which additional works were procured. The projects selected for the further analysis are presented in Table 1 .
The small sample chosen for further research is due to the fact that a large part of the construction investments carried out by the Southern Investment Region of PKP PLK (source of the authors knowledge) is currently under construc-tion or settlement phase. This applies to both projects implemented under the current and the previous EU fi nancial perspective. Due to the duration of work on the projects, the authors could not obtain contract documents that formed the basis for further analysis.
Analysis of additional works in selected projects
The selected construction projects had a set of annexes, protocols of necessity or other contract documents on the basis of which the authors identifi ed the additional works. Additional works have been assigned the ordinal numbers and the following parameters have been defi ned: impact on the contractual price, impact on the contractual time, types of additional works (characteristic of the railway construction projects) and factors causing additional works. The base of additional works created in this way will be used for further analysis performed in three thematic blocks:
impact of additional works on the time and cost of the construction project; factors causing additional works; types of additional works in railway construction projects.
--- 
Impact of additional works on the time and cost of the construction project
The analysis of additional works was started by examining the impact on the time and cost compared to the basic value described in the contract. In order to determine the cost of additional works for each of the discussed projects, the value of all additional works identifi ed at earlier stage was added up. The formula for the cost of additional works can be defi ned as follows:
where: K -cost of additional works for the analyzed project; w i -value of a single "i" identifi ed additional work. Subsequently, the impact of additional works on the duration of the project was determined. The review of the documents received from the public investor revealed that it is impossible to directly designate the value of extension or shorten the duration of a construction project. Some parts of the documentation included specifi c dates of additional works, while others determined the completion of works before the key stages, or suggested only the duration of additional works. In view of the observed fact, it was suggested that the impact on the duration of the construction project should be determined by the time difference between the end of the additional works at the latest and the basic contractual date. For investments whose determination of the duration of additional works was diffi cult or impossible, a zero impact on the duration of the construction was assumed. The results are presented in Table 2 .
Based on the results developed, it was found that the additional works did not appear only during the realization of one project. It can be assumed that the phenomenon of additional works is common during the conduct of railway construction projects.
In 16 out of 17 cases of the analyzed investments, additional work resulted in effects. A change in the contractual price was observed for this number of projects. The contractual price of 15 investments increased due to additional works, while for the remaining case (one investment) the contractual price was reduced. Among the impact-generating investments, only six were related to the extension of the duration of the project.
Additional works in the three undertakings discussed (investments 6, 11 and 17) resulted in a signifi cant increase in the cost or time. After a detailed analysis of the contract documentation, it was found that this fact is related to the acquisition of an additional contract in the "free-hand" mode for the implementation of additional construction works that complement the basic contract.
The authors have attempted to examine the relationship between the investment budget and the price of additional work. For this purpose, the projects discussed have been ranked as ascending, starting from investments with the smallest contractual price. Subsequently, the values of additional works (expressed as % of the basic contract price) were assigned to the ranked investments. In order to examine the dependence, the trend line of the value of 1 . Relationship between the investment budget and the price of additional work additional works was drawn into the chart. Based on the results obtained (presented in Fig. 1) , there is no relationship between the growth of the investment budget and the amount of additional work.
Factors causing additional works
One of the objectives of the research conducted was to identify factors causing additional works and to determine the frequency of their occurrence in the investments discussed. The list of factors was elaborated on the basis of the previous research (Czemplik, 2012) , complementing with its own proposals, covering reasons specifi c to the railway industry. For the purposes of further analysis, a summary including eight factors was created.
The identifi ed additional works are characterized by their uniqueness. Therefore, the authors have developed a way of assigning factors to particular situations that result in additional works. The list of factors causing additional works along with a brief description of the most frequent phenomena, constituting the original methodology, is presented in Table 3 .
Another element of the analysis was an attempt to estimate the number of in- When assigning individual factors to additional works, it was assumed that one additional work may result from the occurrence of more than one factor. This is due to the characteristics of individual situations that may occur during the implementation of the investment. The calculations led to the estimation of the number of existing factors, which amounted to 120. The most common factor was "substantive errors and incompleteness of project documentation", while the least frequent (not appearing at all) was "implementation problems on neighboring projects". The percentage share of individual factors is shown in Figure 2 .
For the purposes of further research work, the authors specifi ed the frequency of individual factors causing additional work. In order to determine the frequency of occurrence, the number of investments in which a given factor causing additional works was specifi ed and related to the number of projects under consideration was established. The result obtained was presented as the probability of occurrence of factors causing additional works. Based on calculations, it was determined that the factor "substantive errors and incompleteness of project documentation" has the highest probability of occurrence, while "implementation problems on neighboring projects" the smallest (Fig. 3 ).
Types of additional works in construction projects of railway infrastructure
The last element of the analysis was to identify the types of industrial works entering in the scope of additional works and estimation of their occurrence frequency. Nine types of industry works were adopted for the needs of the research, consistent with the specifi city of railway construction projects: track and drainage works; network works (electrotraction); --FIGURE 2. Share of the factors causing additional works works related to engineering objects; road works and railroad crossings; works related to the reconstruction of railway connection devices; platforms and building works; works related to the reconstruction of water-sewage, gas, energy and installation networks; preparation of project documentation; other works.
In the further part of the research, the same methodology was used as in the case of factors causing additional works, i.e. the estimation of the share of the occurrence of additional works types and the calculation of the probability of their occurrence. It was assumed that one additional job may consist of several types of industry works.
The total number of industrial works occurring in the discussed construction projects included 144 cases. The most frequently appearing type of additional -------works are "robots related to the reconstruction of railway connection devices", while the least frequent ones are "other works" and "preparation of project documentation". The share of particular types in additional works is presented in Figure 4 .
The determination of the frequency of occurrence of particular types of works was related to the determination of the probability of their appearance. It required estimating the number of investments in which a given type of works occurred and the number of all analyzed projects. After performing the calculations, it was found that the most frequently appearing type of industry works are "track and drainage works" and "works related to engineering objects", while the rare are "other works" and "platform and building works". The probability of the occurrence of industrial works in additional works is presented in Figure 5 . 
Recapitulation
The analysis of the selected railway construction projects indicates that additional works are a frequent occurrence during the duration of the investment. It can be concluded that they cause effects not anticipated at the stage of investment preparation (the change of the duration of works and the increase of costs). Some of them signifi cantly deviate from the plans, and therefore may be a problem for the Investor, both in terms of the need for additional fi nancing or the allowed extension of the construction and assembly works.
The most frequently occurring problems include changes made by the investor and errors in the documentation prepared. Both issues depend on the investor, therefore the Investor should exercise due diligence to minimize the risk of these factors.
Effective implementation of strategic investment plans should be preceded by a proper preparation of a construc-FIGURE 4. Share of the occurrence of types of industry works in additional works FIGURE 5. Probability of the occurrence of industrial works in additional works tion project. The authors showed that the inclusion of additional works and their effects is an important factor that the Investor should take into account when estimating the budget and duration of the investment. Despite the completion of all formal requirements and the proper preparation of the project, the risk of additional works is still highly probable with which the Investor should also have the ability to cope.
The presented effects and factors of the occurrence of additional works constitute an important part of the additional risk management strategy developed by the authors in railway construction projects. The construction of the model will require a lot of data, including historical data, presented in the work. Further research by the authors is related to the implementation of qualitative and quantitative features of additional works to the original model of risk estimation.
